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I. Introduction
The interest in studying the dynamic relationships among major developed markets gathered considerable momentum following the 1. See, for example, Eun and Shim (1989) , Cheung and Mak (1992) , Arshanapalli and Doukas (1993) , Gjerde and Saettem (1995) , Friedman and Shachmurove (1997) , Liu and Pan (1997) , Masih and Masih (1997) , Meric and Meric (1997) , Janakiramanan and Lamba (1998) , and Niarchos, et al. (1999) .
October 1987 global stock market crash, and even more so, following the Asian financial crisis in 1997-98. Several researchers have examined the interdependence among developed and developing markets, and the main findings of these studies can be summarized as follows.
1 First, the US generally influences most markets in the European and Pacific-Basin regions, while markets in these regions have little influence on the US market. Second, Japan, the second largest equity market, has little influence on other equity markets. Third, the UK has some influence on markets in Japan, Australia, Hong Kong and Canada. Finally, the linkages among Pacific-Basin equity markets can be attributed to the direct and indirect influences of the US market.
While previous researchers have examined the linkages among equity markets in Asia, Europe, North America and Latin America, markets in the African region have received little research interest. Since the 1980s, most sub-Saharan African countries have deregulated their capital markets and removed barriers to international investment. Most countries in this region have also embarked on IMF and World Bank sponsored structural adjustment programs. These programs have resulted in the deregulation of financial systems, liberalization of financial markets, development of stock exchanges, privatization of former stateowned enterprises, and the easing of barriers to the flow of capital from industrialized countries. Thus, it is reasonable to expect that the more developed African markets have become more integrated with major world equity markets. This paper analyzes the dynamic relationships between the South African equity market and major world equity markets during May 1988 -May 2000. South Africa presents an interesting case given its relative isolation from the world's political and economic systems during the Apartheid years. Following the gradual easing and then the formal removal of Apartheid during 1989-94, South Africa has made a dramatic transition where it is more than likely that its equity market has become more integrated with major developed equity markets. This expectation is empirically verified by analyzing the causal relationship between South Africa and major developed markets, as well as the role Apartheid may
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have played in influencing South Africa's financial integration with these markets.
From the perspective of foreign investors, the South African market is important because it is the largest and most developed market in the African region. Thus, to be exposed to equity markets in this region it is important for foreign investors to have exposure to the South African market. In addition, as shown in table 2, the relatively low return correlations between South Africa and major developed markets point to the substantial risk diversification benefits that foreign investors can achieve by investing in the South African market. This is particularly relevant in the context of recent findings by researchers who document a reduction in portfolio diversification opportunities across different markets. For example, Meric and Meric (1997) find that the comovement between the US and European equity markets has increased significantly following the 1987 crash, implying reduced diversification benefits. Taking these factors into account, a detailed examination of the evolution of the dynamic relationships between the South African market and major world equity markets becomes topical and relevant.
To examine these dynamic relationships, a multivariate cointegration framework and vector error-correction model (VECM) is used to analyze the causal influence of the major developed markets on the South African market. This method allows any long-run equilibrium relationships between the markets to be separated from the short-run causal effects. The results show that there is a long-run relationship between the South African market and major developed markets. Also, while the US, Canada and Australia exert the most influence on the South African market, the influence of Japan is minimal. The sub-period analysis shows that the strength of the long-run equilibrium relationship and the short-run causal effects on the South African market by the major developed markets has changed since the removal of the Apartheid regime. Specifically, during the Apartheid period there is no long-run equilibrium relationship between the South African market and the major equity markets. In contrast, since the removal of Apartheid, this long-run relationship has become quite strong and statistically significant.
The remainder of this paper is organized as follows. Section II describes the data and methodology used. Section III presents and analyzes the results and Section IV concludes the paper.
II. Data and Method
A. Data
The dynamic relationships between the major developed markets and the South African market are examined during May 1988 -May 2000, a period that coincides with the deregulation of capital markets in South Africa. The choice of which developed equity markets to include in the analysis is determined mainly by the expected economic and financial linkages among these markets and South Africa. Thus, the developed equity markets included in the analysis are Australia, Canada, France, Germany, Japan, the UK, and the US. Table 1 provides some summary information on the markets examined and shows that compared to these developed equity markets, South Africa is a relatively small market (panel B).
2 Table 2 provides some descriptive statistics for the continuously compounded daily returns in each market along with the correlation coefficients among daily market returns. The daily return attributes of South Africa are similar to those for the developed markets examined, and these returns exhibit positive, but relatively low, correlations with the returns of all the major developed markets. Interestingly, the highest correlations are with Australia and Germany, followed by the UK. The correlation with the US market's (lagged) return is also positive, but lower in magnitude.
These descriptive statistics point to the potential risk diversification benefits that foreign investors can achieve because of the low correlations between the major foreign markets and South Africa. As mentioned in section I, previous studies have documented an increase in correlation among the major developed equity markets. 3 The results of these studies imply that the benefits of international diversification are reducing because of increased return correlations. Hence, the low correlations between South Africa and major developed markets suggest that foreign investors can achieve substantial risk diversification benefits with an exposure to the South African market. 
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B. Method
The use of ordinary least squares or Granger-causality estimation methods involving first differences of time series to examine the causal relation among specific variables can result in loss of significant long-run information embodied in these time series. If the time series are cointegrated, then the estimation method should be expanded to include an error-correction term to capture the system's adjustment towards the underlying long-run relationship. In general, two variables are cointegrated when a linear combination of the variables is stationary, even though each may individually be non-stationary. Since nonstationary variables do not return to their long-run average values following a disturbance, it is important to convert them to stationary processes, otherwise regressing a non-stationary I(1) process on another I(1) process can generate spurious results. If a time series contains a stochastic trend, it is said to be integrated of order d, i.e
. I(d).
Differencing the series d times yields a stationary series. The time series of many macroeconomic variables, including market index series, are likely to be non-stationary in levels but stationary in first differences and are therefore likely to be I(1) processes. Thus, the dynamic relationships between the South African market and major world equity markets are analyzed using a vector error-correction model. The model allows for an examination of the long-run equilibrium relationships between the South African equity market and major developed markets as well as their short-run adjustments over time.
In order to correctly specify the dynamic relationships, the behavior of the market index series is examined first to determine whether they are stationary. If they are found to be non-stationary, then an examination of whether they are cointegrated is conducted. The augmented Dickey-Fuller (ADF) test is used on the market index levels and their first differences to test for unit roots in the data Fuller [1979, 1981] ). To perform the ADF test, for each market index series, the following regression is estimated:
where Y t is a time series of daily market index data, t is a time trend, and J t is a white noise process. The time series is non-stationary if = 1. After examining the stationarity of each market's index series the stationarity of the first differences ( Y t ) is examined. Table 3 reports the results which show that the hypothesis of non-stationarity in the market indices cannot be rejected. However, the hypothesis of non-stationarity in first differences is rejected for all markets implying that the variables are integrated of order one, i.e., I(1).
Since the market index series are integrated of the same order, cointegration analysis is used to determine whether the index series become stationary in a linear combination. This test is performed using the Johansen (1991) method which involves estimating the following unrestricted vector autoregressive (VAR) model: 1 vector of constants, p is the number of lags, A j is an n × n matrix of estimable parameters, and J t is an n × 1 vector of independent and identically distributed (i.i.d.) innovations. This VAR model can be rewritten as: is the difference operator, and I is an n × n identity matrix. The rank of the matrix determines the number of cointegrating vectors since the rank of is equal to the number of independent cointegrating vectors. Thus, if the rank of equals 0, the matrix is null and equation 3 becomes the usual VAR model in first differences. If the rank of is r where r < n, then there exist r cointegrating relationships in the above model. In this case, the matrix can be rewritten as = U where and are n × r matrices of rank r. Here, is the matrix of cointegrating parameters and is the matrix of weights with which each cointegrating vector enters the above VAR model. Johansen (1991) provides two different test statistics that can be used to test the hypothesis of the existence of r cointegrating vectors, namely, the trace test and the maximum eigenvalue test. The trace test statistic tests the null hypothesis that the number of distinct cointegrating relationships is less than or equal to r against the alternative hypothesis of more than r cointegrating relationships, and is defined as:
where T is the number of observations and the j s are the eigenvalues of in equation (3). The maximum eigenvalue test statistic tests the null hypothesis that the number of cointegrating relationships is less than or 5. The selection of the order of lags in the Johansen test and, subsequently, the errorcorrection model is important, since the choice of the lag can have an important impact on the outcome of these tests (Enders, 1995) . The following criteria suggested by Engle and White (1999) to select the optimum lag structure are used: (i) residual diagnostic tests to ensure the regression residuals are white noise, (ii) the Akaike Information Criterion (or Schwarz Criterion) to optimize the goodness of fit, and (iii) the statistical significance of coefficients of lagged variables. equal to r against the alternative of r + 1 cointegrating relationships, and is defined as: Note: a r denotes the number of cointegrating relationships. The optimal lag structure of the vector autoregression (VAR) model is selected by minimizing the Akaike Information cointegration. However, the two test statistics give conflicting evidence on the number of cointegrating vectors. Given this, the more conservative position is adopted that, at the 1% level, there is only one cointegrating vector in the error-correction model estimated below.
Since the market index series have a single cointegrating relationship, they have a tendency to move together in the long-run even though they may experience short-run deviations from the common equilibrium path. Thus, the causal relationships between the South African market and the major developed markets are examined using the following errorcorrection model: . a 0 is the constant representing a linear trend and t is the error term representing unanticipated movements in the South African index, SA t . Z t-1 contains the error-correction term which is derived from the longrun cointegrating relationship among the market indices using the Johansen procedure.
Within the framework of the error-correction model, Engle and Granger (1987) show that deviations from the long-run relationship should result in adjustments over time. The model thus expresses changes in the South African index in terms of the lagged changes of the market indices examined and a cointegrating error term. The economic intuition behind the specification in equation 7 is that if the South African market and the other markets are cointegrated, part of the current changes in the South African index reflects the "alignment" that the South African market attempts to achieve with the trends in other markets.
6. This finding is consistent with earlier evidence provided by Philippatos, Christofi and Christofi (1983) who find long-run intertemporal stability among fourteen developed equity markets.
The hypothesis regarding the causal relationship between the South Africa equity market and major developed markets is tested by examining the significance of the F-statistics for the joint lagged values of changes in these equity markets and a t-statistic for the errorcorrection term. The finding of a significant t-statistic on the errorcorrection term suggests a long-run causal relationship while a significant F-statistic implies a short-term causal effect. The lack of significance of both the t-statistic and the F-statistic indicates that movements in the South African market are independent of movements in the developed markets examined.
III. Results and Discussion
A. Results for the Full Period
The results for the full sample period appear in table 5. Panel A shows the influence of the developed markets on South Africa while panel B shows whether there is a bi-directional causality between South Africa and these markets. A seven-lag specification is chosen in the VECM since this lag length minimizes the Akaike Information Criterion (AIC). The error-correction term is found to be significant at the 1% level, indicating that there is a long-run causal relationship between the South African market and the major developed markets. This suggests that the South African market is endogenous in the long-run and that short-run deviations from the long-run equilibrium will prompt adjustment to a longrun equilibrium path. 6 An examination of the individual t-statistics of the lagged index changes in the major developed markets reveals that contemporaneous changes in the South African market index are Granger-caused by changes in the major developed markets during the previous day. The F-statistics indicate that the South African market is Granger-caused by all the major developed markets, except Japan. Among these markets, the US, Canada and Australia exert the most influence on South Africa. The finding that Japan, the world's second largest equity market, does not influence the South African market is consistent with the evidence documented by Liu and Pan (1997) , Janakiramanan and Lamba (1998) and Christofi, Pericli and Nishiyama (2001) who find that Japan also does not influence markets in the Pacific-Basin region.
The results presented thus far suggest that a uni-directional causality exists between the South African market and the major developed markets, with these markets (excluding Japan) leading the South African market. However, it is possible that a bi-directional relationship also exists between the South African market and the major developed markets. To ascertain whether a bi-directional relationship exists, separate vector error-correction models are estimated with each market as the dependent variable. The summary results from these VECMs are presented in panel B of the table and show that a feedback relationship exists between South Africa and Germany. 7 In addition, there is bidirectional causality between South Africa and markets in the resourcebased economies of Australia and Canada.
B. Results for the Apartheid and Post-Apartheid Periods
In this section, the hypothesis that the strength of the equilibrium longrun relationship and the short-run causal effects between the South African market and the major developed markets has changed since the removal of Apartheid is examined. For this analysis the overall sample period is divided into two sub-periods. The first sub-period spans May 1988 -December 1993 and corresponds to the period during which several Apartheid reforms took place and ends four months prior to the election of Nelson Mendela as president in April 1994. 8 The second subperiod, spanning August 1994 -May 2000, corresponds to the postApartheid period and starts four months following the election of Nelson Mendela as president.
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The results for the causal influence of the major developed markets on South Africa during the Apartheid period are presented in panel A of table 6. Panel B of the table provides evidence of bi-directional causality between South Africa and these markets. For the Apartheid period, a five-lag specification is used in the VECM because this lag length minimizes the AIC. The error-correction term in panel A is not significant, implying that during the Apartheid period there was no longrun causal relationship between the South African market and the major developed markets because of the relative isolation of South African economy. Not surprisingly, based on the F-statistics, none of these markets (except Canada) appear to Granger-cause South Africa (panel B) .
The corresponding VECM results for the post-Apartheid period appear in table 7. Here a ten-lag specification in the VECM is used because it minimizes the AIC. This finding is interesting because it indicates that, during this period, changes in the major equity markets influence the South Africa market over a longer duration. A particularly noteworthy result in panel B is the significance of the error-correction term. This result suggests that following the removal of Apartheid and the attendant integration of South Africa into the world economy, the strength of the long-run relationship between South Africa equity market and the major developed markets has strengthened.
Interestingly, unlike the Apartheid period, all the major equity markets (except Japan) now Granger-cause South Africa. Also, whereas during the Apartheid period only the previous day's changes in the Canadian market Granger-caused contemporaneous changes in the South African market, in the post-Apartheid period the previous day's changes in all the major equity markets, including Japan, Granger-cause contemporaneous changes in the South African market. The results in panel B also suggest that the (bi-directional) causal influence of the South African market on the other markets is different in the postApartheid period, with South Africa also Granger-causing Canada and Germany during this period. Thus, there is clear evidence to suggest that with the removal of the Apartheid regime South Africa has become increasingly integrated with major developed markets. 
